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Summary. The location of the Y chromosome in metaphase spreads is studied 
in groups of (a) 96 normal males, (b) 17 Down's  syndrome patients, and (c) 51 
patients with Klinefelter's syndrome. The position of the Y is scored as either 
peripheral or nonperipheral using several of the traditional definitions found 
in the literature. It is shown that contradictory results may be obtained 
depending on the particular definition employed and that none of the avail- 
able definitions capture the essence of the meaning of 'peripheral. '  Therefore a 
new, standardized definition is in t roduced--one  that applies to both circular 
and noncircular spreads. Using this new definition, we find definite intergroup 
variability. The Y is peripheral in normal males, but not in either the Down's  
or Klinefelter's samples. 
Introduction 
There is now much evidence that chromatin is attached to the nuclear membrane,  
that at least some of the attachment sites correspond to points of initiation of 
D N A  replication, and that there is some order to the arrangement of  chromatin 
in the interphase nucleus (Comings, 1968). Thus, although the air-drying and 
squash techniques of spreading metaphase chromosomes are disruptive proce- 
dures, if the interphase chromatin is arranged according to some definite pattern, 
the relative positions of the chromosomes in metaphase preparations should tend 
to be nonrandom. While this is generally accepted, there is less agreement about 
the actual nonrandom positions assumed by human metaphase chromosomes. A 
case in point is the Y chromosome. While the consensus apparently favors the 
notion that the Y chromosome is located peripherally more often than expected 
by chance alone (Barton et al., 1965; Miller et al., 1963a and b), there have been 
some dissenters (Gripenberg, 1964; Spence et al., 1973) and even some who have 
been able simultaneously to agree and disagree with the underlying hypothesis 
(Cohen et al., 1966; Ockey, 1969). 
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Fig. 1. The Y chromosome is peripheral according to Gripenberg's definition, although it lies 
near the center of the metaphase plate 
Problems inhibiting the reconciliation of the conflicting claims include lack of 
a standard definition of peripheral and lack of standardization of sample sizes, 
techniques, and populations studied. More generally, potential bias may be 
introduced by selecting only circular spreads for study and by obtaining meta- 
phases from only a few individuals. Thus, although Spence et al. (1973) recog- 
nized the possibility that "there are differences between individuals in chromo- 
some association patterns" (Back and Zang, 1969; Cooke, 1971), their evidence 
against the peripheral location of the Y chromosome (and, indeed, against the 
existence of interindividual differences) was based on but two normal males and 
one XYY individual. 
Similar confusion exists concerning the location of the autosomes. For 
example, Barton et al. (1965) found that chromosomes 13--15, 21, and 22 lie 
near the center of metaphase spreads, contradicting the earlier work of Miller et 
al. (1963b). 
The purpose of this paper is to present new data bearing on these questions. 
First, we reexamined the location of the Y chromosome by employing Gripen- 
berg's (1964) definition of peripheral in (a) male controls, (b) Down's syndrome 
patients (47,XY,+21), and (c) persons with Klinefclter's syndrome (47,XXY). 
Besides the Y, each of the other metaphase chromosomes, identified by trypsin 
banding, are similarly classified as peripheral or nonperipheral in each group. 
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Second ,  we dev i sed  a new,  s t a n d a r d i z e d ,  and  easi ly r e p r o d u c e d  de f in i t i on  o f  
p e r i p h e r a l  to  s tudy  the  l o c a t i o n  o f  the  Y c h r o m o s o m e  in each  o f  the  three  g r o u p s  
de f i ned  above .  
T h e  need  fo r  a n e w  de f in i t i on  of peripheral s h o u l d  he a p p a r e n t  f r o m  a g lance  
at  F i g u r e  1: the  Y c h r o m o s o m e ' s  pos i t i on  is surely  such tha t  m o s t  p e o p l e  w o u l d  
no t  desc r ibe  it as pe r iphe ra l ;  yet  a c c o r d i n g  to  G r i p e n b e r g ' s  de f in i t ion ,  it is. T h e  
reverse  s i t ua t i on  also f r equen t l y  occurs ,  i.e., the  Y is o f ten  n e a r  the  p e r i p h e r y  o f  
the  sp read ;  yet  it is n o t  c o u n t e d  as pe r iphe ra l  s imply  because  a single c h r o m o -  
s o m e  is l o c a t e d  fu r t he r  o u t  on  the  radius .  N o r  are  o the r  p r ev ious ly  r e p o r t e d  
de f in i t ions  o f  p e r i p h e r a l  en t i re ly  sa t i s fac tory .  M o s t  are  app l i cab l e  on ly  to c i rcu la r  
sp reads  and  r equ i r e  tha t  the  cen te r  o f  the  circle be  d e t e r m i n e d  by  eye. O the r s  
i nvo lve  c i r cu la r  de f in i t ions  in the  sense tha t  the  dec is ion  as to w h e t h e r  o r  no t  the  
Y is p e r i p h e r a l  d e p e n d s  on  its p o s i t i o n  re la t ive  to o t h e r  pe r iphe ra l l y  l oca t ed  
c h r o m o s o m e s - - b u t  h o w  these  o t h e r  c h r o m o s o m e s  were  classif ied as pe r i phe ra l  is 
n o t  ind ica ted .  
Materials and Methods 
Cells were cultured from peripheral blood of individuals from three groups: (a) 96 normal adult 
males, 20--40 years old, most employed at the Veterans Administration Hospital in Ann Arbor, 
Michigan; their karyotypes were previously used by Harris et al. (1973) and by Kowalski et al. 
(1976) for other purposes; (b) 17 Down's syndrome patients, 2--14years old; and (c) 51 patients 
with Klinefelter's syndrome. The latter two groups were obtained from the University of 
Michigan Medical Center. 
The cultures were processed essentially following the technique of Moorhead et al. (1960), 
the final spreading of the chromosomes being achieved by drying in air. The slight modifications 
that we introduced to this method have been described elsewhere (Nasjleti et al., 1966). The 
chromosomes were stained with Giemsa and the banding patterns were produced by the trypsin 
method of Seabright (1971). 
Each of the chromosomes in the metaphase spreads was then classified as either peripheral 
or nonperipheral according to Gripenberg's criteria (1964); viz., a chromosome is peripheral if 
there is no other chromosome further from the center on the same radius than the centromere of 
the chromosome in question. This is illustrated in Figure 2, where a typical metaphase spread is 
shown and the numbered chromosomes counted as being peripheral according to the above 
definition are indicated. The radius shown passes through the centromere of the Y chromosome 
but does not intersect a chromosome further from the center, establishing its peripheral location 
in this instance. 
Both the chi-square test and Fisher's exact test for association in 2 x 2 contingency tables 
were employed to test the hypothesis that the Y chromosome is peripherally located more often 
than the other chromosomes in the metaphase spreads. While most have tested this hypothesis 
with chi-square alone, Fisher's exact test is preferred in the case of 2 x 2 tables since the exact 
distribution of the test statistic is known, whereas the chi-square distribution is but an approxi- 
mation (Kowalski, 1970). These tests are done within each of the three groups defined previ- 
ously. 
An alternative definition of peripheral was devised and employed to reexamine the Y 
chromosome in metaphase spreads. For this, we define the horizontal plane for the metaphase 
spread by drawing a line connecting the centromeres of the chromosomes 1. The choice of this 
particular pair of chromosomes is entirely arbitrary; any other pair would serve equally well, 
but the chromosomes 1 are easy to identify and generally have well-defined centromeres. Lines 
parallel to this baseline are then drawn through the centromeres of the chromosomes most 
peripheral with respect to this starting point (Fig. 3). These lines have the property that no 
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Fig. 3. How the bounding rectangle used in our definition of peripheral is constructed 
chromosome has a centromere lying beyond them in the vertical direction. A rectangle is then 
formed by drawing lines perpendicular to the others, such that the centromeres of all of the 
chromosomes in the spread are in (or on) the rectangle. This procedure can be applied to 
metaphase spreads of any k i n d - - n o t  just circular spreads- -and  is entirely reproducible in other 
laboratories. Providing only that we agree on the same starting point (the homologous pair of 
chromosomes 1), the rectangle is completely specified. The center of the rectangle is well defined 
and easy to locate: simply draw the diagonals in the rectangle and mark their point of inter- 
section. When this is done on a circular spread, the derived center agrees closely with the optical 
center, and the rectangle becomes a square within which the circle is inscribed. Thus, for circular 
spreads, results should closely correspond to those obtained using procedures based on other 
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Fig. 4. Some measurements that may help characterize the position of the Y chromosome relative 
to the bounding rectangle 
definitions of peripheral that are limited to such circular metaphase plates. However, the 
method also easily accomodates noncircular spreads. This may be seen as a distinct advantage 
inasmuch as our intuitive appreciation of peripheral does not require an underlying circular 
structure. A chromosome near the boundary of the re~tangle should be counted as peripheral 
whether or not the spread is circular. 
It remains to specify what we mean by near the boundary of the rectangle. This is, of course, 
again arbitrary and depends on the number of zones we wish to distinguish between within the 
derived rectangle. Basically, zones may be defined by rectangles having the same center as the 
bounding rectangle and proportionate sides. If, e.g., we wanted just two zones with equal areas, 
we could inscribe a rectangle with sides 1/V2-times ~he sides of the bounding rectangle. Using 
the notation defined in Figure 4, the inner rectangle would then have area d l /X /~ -d z /x /2 =  
dl d J 2 .  The outer zone would then have an area equal to the area of the bounding rectangle 
minus that of the inner zone, viz., d~ d2 - dl d2/2 = dj d2/2. Of course, more than two zones could 
be used and not all of the zones need to be equal in area. Nonetheless, once the zones are 
defined, comparable results can be obtained by anyone using the system. The set of measure- 
ments illustrated in Figure 4 may be useful in comparing the location of the Y chromosome in 
several groups of individuals: dl and d2 reflect the size of the bounding rectangle; d5 and d6 are 
the minimal distances of the centromere of the Y chromosome to the bounding rectangle in the 
horizontal and vertical directions, respectively; d7 is the distance from the center of the rectangle 
to the centromere of the Ychromosome; d3 and d~ are not measured directly, but are obtained by 
d3 = d l / 2  and d 4 = d 2 / 2 .  These measurements are useful when comparing d5 and d6; ds/d~ and 
d6/d4 take values on the interval [0, 1] and express the distance that the Ychromosome lies from 
the bounding rectangle in the horizontal and vertical directions in standardized units. In a 
similar manner, we compute d8 (not shown on the figure) as the distance from the center to any 
one of the corners of the rectangle so that d7/d8 is standardized on the interval [0, 1]. Small 
values indicate that the Y lies near the center of the spread; large values, near the periphery. 
Another useful ratio is d5 • d6/d3 • d4. This also takes values on the interval [0, 1] and has a direct 
interpretation in terms of the location of the Y chromosome. 
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Results 
We begin with results obta ined  using Gr ipenberg ' s  (1964) defini t ion of  peripheral .  
Table  1 summarizes  the findings for  each of  the chromosomes  in each of  the 
groups considered.  In each instance, the number  of  per ipheral  ch romosomes  (P), 
the total  number  of  ch romosomes  examined (T), and the percentage of  per ipheral  
ch romosomes  (%P) are given. 
It is seen that  the Y ch romosome  in normal  males is per ipheral  in 62.5% of  the 
cells studied. Table  2 shows the results of  the test of  the hypothesis  that  the Y 
c h r o m o s o m e  is per ipheral ly  located more  often than the other  ch romosomes  in 
the metaphase  spreads. The P values corresponding to both the chi-square test 
and Fisher ' s  exact test are given. Both P values are zero correct  to four  decimal  
places, clearly establishing the peripheral  locat ion of  the Y ch rom osom e  in 
normal  males. 
Table 1. Numbers of peripheral chromosomes (P); total number of particular chromosome 
studied (T); and the percentage of peripheral chromosomes (%P): in controls, Down's syndrome, 
and Klinefelter's syndrome 
Chromo- Controls Down's syndrome Klinefelter's syndrome 
some 
P T %P P T %P P T %P 
1 48 192 25.0 10 34 29.4 32 102 31.2 
2 46 192 23.4 12 34 35.3 30 102 29.4 
3 67 192 34.9 12 34 35.3 35 102 34.3 
4 56 192 29.2 12 34 35.3 33 102 32.4 
5 63 192 32.8 7 34 20.6 33 102 32.4 
6 61 192 31.8 13 34 38.2 32 102 31.2 
7 81 192 42.2 11 34 32.4 33 102 32.4 
8 87 192 45.3 13 34 38.2 26 102 25.5 
9 71 192 37.0 17 34 50.0 31 102 30.4 
10 87 192 45.3 13 34 38.2 36 102 35.3 
11 86 192 44.8 9 34 26.5 19 102 18.6 
12 74 192 38.5 7 34 20.6 34 102 33.3 
13 79 192 41.1 7 34 20.6 25 102 24.5 
14 74 192 38.5 10 34 29.4 31 102 30.4 
15 71 192 37.0 14 34 41.2 29 102 28.4 
16 68 192 35.4 14 34 41.2 23 102 22.5 
17 66 192 34.4 16 34 47.1 19 102 18.6 
18 84 192 43.8 14 34 41.2 31 102 30.4 
19 71 192 37.0 15 34 44.1 23 102 22.5 
20 71 192 37.0 20 34 58.8 25 102 24.5 
21 78 192 40.6 18 51 35.3 24 102 23.5 
22 62 192 32.3 18 34 52.9 29 102 28.4 
X 42 96 43.8 3 17 17.6 31 102 30.4 
Y 60 96 62.5 3 17 17.6 17 51 33.3 
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Table 2. Tests of the hypothesis that the Y chromosome is peripherally 
located in normal males 
Peripheral Non- Total 
peripheral 
Y chromosome 60 36 96 
Other chromosomes 1593 2772 4365 
Total 1653 2808 4461 
;(2= 26.132 
P = 0.0000 
Fisher's exact test P = 0.0000 
Table 3. Tests of the hypothesis that the Y chromosome is peripherally 
located in patients with Down's syndrome 
Peripheral Non- Total 
peripheral 
Y chromosome 3 14 17 
Other chromosomes 285 497 782 
Total 288 511 799 
3(2= 1.80 
P = 0.1797 
Fisher's exact test P = 0.0856 
Tables 3 and 4 give the results of  the Down ' s  and Klinefelter's syndrome 
groups,  respectively. In both  groups,  the Y chromosome does not  differ signifi- 
cantly f rom the other  ch romosomes  with respect to the frequency of  peripheral 
location. In  the Down ' s  syndrome group,  only 17.6% of  the Y chromosomes  were 
found  to be peripheral,  and the test in this case is really to assess the significance 
o f  the nonperipheral location of  the Y chromosome.  Indeed, our  results indicate 
that  the Y may  be nonperipheral  in patients with Down ' s  syndrome ( P =  0.09 
using Fisher 's  exact test), but  the sample size is too  small to establish significance. 
Also, Table 1 shows that the autosomes in all three groups show no part icular  
pat tern with respect to peripheral location. Nor  do the extra chromosomes  in the 
nonnorma l  groups tend to be peripherally located. Chromosome  21 in Down ' s  
syndrome was found to be peripheral only 35.3% of  the time, and the X chromo-  
some in the XXY individuals was peripheral in 30.4% of  the cells examined. 
Peripheral location is not  related to the size a n d / o r  shapes of  the metaphase 
chromosomes .  Only the Y ch romosome  in normal  males is unquest ionably 
peripheral,  most  of  the other  chromosomes  being found peripheral about  
30 - -40% of  the time. 
The first results obtained using the definition o f  peripheral developed in this 
paper  are those obtained when the rectangle is divided into two zones, say inner 
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Table 4. Tests of the hypothesis that the Y chromosome is peripherally 
located in patients with Klinefelter's syndrome 
Peripheral Non- Total 
peripheral 
Y chromosome 17 34 51 
Other chromosomes 663 1683 2346 
Total 680 1717 2397 
X 2= 0.407 
P -- 0.5235 
Fisher's exact test P = 0.2577 
Table 5. Test of the hypothesis that the percentage of peripheral Y 
chromosomes is the same in the three groups, using two zones with 
equal areas. Numbers in parentheses refer to (row) percentages 
Inner zone Outer zone Total 
Controls 37 59 96 
(38.5%) (61.5%) 
Down's syndrome 13 4 17 
(76.5%) (23.5%) 
Klinefelter's syndrome 30 21 51 
(58.8%) (41.2%) 
Z2= 11.30 
P = 0.004 
and outer ,  having  equal  areas.  The chi-square test was used to de te rmine  whether  
the percentage  of  t imes the Y c h r o m o s o m e  is per iphera l  is the same in the three 
groups;  the results  are summar ized  in Table  5. 
Clear  differences are evident  between the groups  (P = 0.004); 61.5% of  the Y 
c h r o m o s o m e s  in n o r m a l  males were per iphera l ,  23.5% in the D o w n ' s  syndrome  
sample,  and  41.2% a m o n g  those  with Kl inefel ter ' s  syndrome.  Other  def ini t ions of  
outer ,  inner ,  and  in te rmedia te  zones p roduced  ana logous  results.  Whi le  the 
percentages  changed,  the differences between the groups  were main ta ined .  
Some of  the o ther  measurements  designed to assess the loca t ion  of  the Y 
c h r o m o s o m e  (Fig.  4) can be ana lyzed  by  the analysis  o f  var iance.  The results  for  
the ra t io  & • d6/d~ " d4 are shown in Table  6. The analysis  o f  var iance  (significant,  
with P = 0.009) was fo l lowed by  Sch6ff6's mul t ip le  compar i son  procedure ,  which 
compares  the three groups  by  pairs .  This showed that  the n o r m a l  males differed 
s ignif icant ly  f rom the D o w n ' s  group,  but  the differences between o ther  pai rs  were 
not  s ignif icant  at  the 5% level. 
The same test was used to compa re  the mean  values of  the ra t io  dT/d8 in the 
three groups.  Again ,  the hypothes is  tha t  the means  are the same in each of  the 
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Table 6. Means and variances of the ratio d5 • d6/& • & in the three 
groups and the P value for the (analysis of variance) test that the 
means equal 
Group n Mean Variance 
Controls 96 0.22 0.052 
Down's syndrome 17 0.40 0.084 
Klinefelter's syndrome 51 0.29 0.055 
P = 0.009 
Table 7. Means and variances of the ratio d7/ds in the three groups 
and the P value for the (analysis of variance) test that the means equal 
Group n Mean Variance 
Controls 96 0.56 0.040 
Down's syndrome 17 0.40 0.044 
Klinefelter's syndrome 51 0.48 0.037 
P = 0.004 
Table 8. Chi-square test based on zones defined by the values of the ratio d7/ds. 
Numbers in parentheses refer to (row) percentages 
Group Zone Total 
Inner Middle Outer 
Controls 17 48 31 96 
(17.7%) ( 5 0 . 0 % )  (32.3%) 
Down's syndrome 7 9 1 17 
(41.2%) (52.9%) (5.9%) 
Klinefelter's syndrome 11 30 10 51 
(21.6%) ( 5 8 . 8 % )  (19.6%) 
X2= 9.19 
P = 0.056 
three groups was rejected ( P =  0.004), and  again, only the normal  males and  
D o w n ' s  group differed significantly at the 5% level. The results are summarized 
in Table 7. 
We also did a chi-square test on this variable by dividing its range from zero 
to one into third thirds and  count ing  the n u m b e r  of times this ratio took values in 
each subinterval .  The results are shown in Table 8, and  again, the most  striking 
difference is noted  between the no rma l  males and  the Down ' s  group. The 
columns in the table are labeled inner ,  middle, and  outer according to whether the 
ratio was in the interval  [0, ~], [~,  ~3], or [~, 1], respectively. 
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Table 9. Chi-square test based on zones defined by the values of the values of the 
minimum of the ratios did3 and d6/d4. Numbers in parentheses refer to (row) per- 
centages 
133 
Group Zone Total 
Inner Middle Outer 
Controls 12 23 61 96 
(12.5%) ( 2 4 . 0 % )  (63.5%) 
Down's syndrome 6 5 6 17 
(35.3%) ( 2 9 . 4 % )  (35.3%) 
Klinefelter's syndrome 7 23 21 51 
(13.7%) ( 4 5 . 1 % )  (41.2%) 
Z 2= 14.14 
P = 0.007 
This analysis was repeated for the variable defined as the minimum of the 
ratios ds/d3 and d6/d4 (Table 9). Here, small values for the resulting variable 
indicate peripheral location (outer zone) of the Y chromosome, but the results 
otherwise correspond to those shown in Table 8. 
A number of additional analyses, each based on some transformation of the 
variables defined in Figure 5, were done, and each showed essentially the same 
pattern: the Y chromosome is clearly peripheral in control metaphases, and the 
proport ion of peripheral Y's in the group differs significantly from that found in 
individuals with Down's  syndrome. 
Discussion 
Table 1 shows that the Y chromosome in normal males was peripheral, according 
to Gripenberg's  definition, in 62.5% of the cells studied. This is more often than 
would be expected by chance alone ( Table 2) and is much more often than has 
been reported by most other investigators. While Miller et al. (1963a) found the Y 
to be peripheral in 62% of the metaphases obtained from X0/XY mosaics and in 
56.8% of their pooled sample, most other studies have produced less decisive 
results. Cohen et al. (1966), for example, found 44% when their questionably 
peripheral chromosomes were counted as peripheral, but only 32.7% when not. 
While the former figure is not significantly different from the results of Miller et 
al. (1963a), the latter is. Thus, at least part  of the confusion here may be explained 
by the different difinitions of peripheral in the two studies. Gripenberg (1964) 
reported the Y to be peripherally located only 33.3% of the time, and Ockey 
(1969) found the Y in his outer zone about 30% of the time. Although this figure 
was somewhat less than the random expected value (34.8%), Ockey (1969) 
concluded that the Y was "significantly more peripheral than the early synthesiz- 
ing chromosomes of similar length." Gripenberg (1964) might have argued more 
strongly against the peripheral location of the Y. Given here data, the correct 
value of the chi-square is 0.215, corresponding to P = 0.64, which is much larger 
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than the P <  0.30 she reported. In any event, having employed the same definition 
of peripheral as Gripenberg (1964), our results disagree with hers and tend to 
support the findings of Miller et al. (1963a and b) and Barton et al. (1965) 
concerning the peripheral location of the Y chromosome in control cells. 
On the other hand, Miller et al. (1963a) mentioned an unpublished study by 
Breg and Miller, which found the Y chromosome peripherally located in trisomy 
21 patients. Our findings do not support this contention. Nor can we support the 
evidence advanced by Miller et al. (1963b) that chromosomes 13, 17, 18, and 21 
are peripherally located. Indeed, Table 1 incicates that none of the autosomes 
tends to be located peripherally. While chromosomes 13 and 18 were peripheral in 
40.7% and 43.3% of the normal control metaphases, respectively, these percent- 
ages are no more than those observed for chromosomes 7, 8, 10, and 11. 
These observations, of course, depend on our definition of peripheral and our 
results are directly comparable only with those reported by Gripenberg (1964). 
Thus, we feel that it is important to standardize the definition of peripheral and 
have offered one such possibility in this paper. 
Perhaps the easiest definition in this context is the one based on just two zones 
having equal areas , In  this case (Table 5), 61.5% of the Ychromosome in controls 
were peripheral and this finding can be compared with the results obtained by 
other laboratories (or in samples from other populations of individuals) provided 
only that this simple definition is implemented. While other definitions of 
peripheral are possible (Tables 6--9) using the measurements defined in Figure 5, 
the simple definition should suffice for most applications. In any event, the 
differences noted between the three groups under consideration are consistent 
irrespective of which definition of peripheral is employed. When the analysis of 
variance was used (Tables 6 and 7), multiple comparison procedures showed that 
the Klinefelter's group did not differ significantly from either of the other two 
groups. However, such procedures are known to have but limited sensitivity and 
are all but nonexistent for "finding where the significance lies" in the chi-square 
test context (Kowalski, 1971). Thus we prefer not to attempt to characterize the 
differences between the three groups in any final way. 
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